have focused on understanding the relationship between wood density and altitude. In particular, Govorcin et al. (2003) determined that wood density of Fagus sylvatica L. decreases with increasing altitude. For Quercus pubescens Barij et al. (2007) and for Carpinus betulus L. Kiaei (2011 Kiaei ( , 2012 determined that wood density increases with increasing altitude. Hernandez and Restrepo (1995) determined that there is no change in density of the wood with increasing altitude for Alnus acuminata. In the literature, there are very few studies regarding the effect of altitude on the mechanical properties of wood. Barij et al. (2007) found that the compression strength of Quercus pubescens Willd. increases with increasing altitude. Kahveci (2012) determined that bending strength, modulus of elasticity, compressive strength parallel to grain, and dynamic bending strength of Alnus glutinosa subsp. barbata (C.A.Mey.) Yalt. decreases with increasing altitude.
The aims of this study were to investigate the effects of altitude and aspect on the anatomical properties, wood density, and mechanical properties of Oriental beech wood, and to inform readers about appropriate use of Oriental beech growing in Sinop.
Materials and methods

Determination of research area and sample trees
The research area is located between 41°27′00″N and 42°05′33″N and between 34°46′37″E and 35°24′34″E in the Black Sea region of Turkey. Pure Oriental beech forests in this research area are spread between 50 and 1400 m in altitude. Soil texture class varies from sandy clay loam to clay loam. The mean annual precipitation and temperature of the research area are 680.2 mm and 13.9 °C, respectively. Climate data were provided by the Sinop meteorological station at 32 m a.s.l. and were collected for the 1975-2010 time period. Mean annual precipitation and temperature data for each altitude step were calculated in accordance with the Thornthwaite method (Cepel, 1995) . Mean annual temperature for the first and fifth altitude steps is 13.7 °C and 9.2 °C, respectively. Mean annual precipitation for the first and fifth altitude steps is 700.9 and 1104.6 mm, respectively. More detailed information on the research area was described by Topaloğlu (2013) . Altitude values determined at each study site of the research area were controlled by the value on the topographic map. According to this, the research area was divided into five altitude steps: 1 (0-200 m), 2 (200-400 m), 3 (400-600 m), 4 (600-800 m), and 5 (800-1000 m). A total of 20 study sites (5 altitude steps × 2 aspects × 2 study sites) were selected from every altitude step and from two different aspect groups (north aspect and south aspect). Sites were carefully chosen in such a way that they had normal frequency and closeness. A sample tree was selected from each study site for destructive sampling, representing the average diameter class. Sample trees were selected by avoiding extreme cases such as excessively knotty trees and the presence of reaction wood (International Organization for Standardization, 1982) . From every altitude step and each aspect, a total of 20 trees were identified and numbered. The diameter at breast height of the sampled trees was measured and recorded before felling. Each tree was felled and the tree height was measured by cleaning off the branches. Details of the study sites and sample trees are given in Table 1 .
Preparation of test samples
Each felled tree was destructively cut from 1.30, 2.30, and 4.30 m up the stem. For determination of wood density and anatomical properties, 15-cm-thick disks were taken at 1.30 m in height. Logs 2 m in length were taken from tree heights of 2.30 to 4.30 m and were used for the determination of the mechanical properties. Excluding samples that were used to determine the anatomical properties, all the prepared test specimens were conditioned in the conditioning room at 20 ± 2 °C and 65% relative humidity according to ISO 554 (International Organization for Standardization, 1976a).
Measurement of anatomical properties
For wood anatomical study, strips of 2 cm in width were cut from pith to bark at 1.30 m in height and according to aspect group (north and south directions) of each sample tree. Ten annual rings between the 40th and 50th annual rings of wood strips were used, depending on the age of the sampled tree. Wood samples of approximately 1 × 1 × 2 cm in size were cut, boiled in water, and sectioned using a microtome to a thickness of about 15-20 µm. Sections were stained with safranin before preparing permanent slides via various chemical processes. After staining, the sections were washed with distilled water and then washed with a solution of 50% alcohol. After this process, transversal and longitudinal tangential sections were converted into permanent slides in glycerol-gelatin (Ives, 2001) . Wood samples were macerated using Schultze's method for determination of fiber properties (Bendre and Kumar, 2010) . Anatomical properties measured were tangential and radial vessel diameter, vessel number per mm 2 , ray number per mm, multiseriate ray height, multiseriate ray width, vessel length, fiber length and width, fiber lumen width, and fiber wall thickness. Twenty-five measurements or counts were performed for each anatomical property. Nomenclature was determined in accordance with microscopic terminology for hardwood identification (IAWA Committee on Nomenclature, 1989).
Measurement of wood density and mechanical properties
For wood density measurements 15-cm-thick disks that were taken at 1.30 m in height were used. Blocks were cut from disks. Small pieces (2 × 2 × 3 cm) were cut from blocks. Wood density at 12% moisture content was determined according to the principles of ISO 3131 (International Organization for Standardization, 1975a). Logs measuring 2 m in length taken from tree heights of 2.30 to 4.30 m were used to determine mechanical properties. From each log, 8-cm-thick boards were sawn. Afterwards, small and clear specimens were cut from the boards according to the relevant standards. Compression strength parallel to the grain, modulus of rupture, modulus of elasticity, impact bending (shock strength), shear strength (tangential and radial section), and Brinell hardness values (as per the transverse section, tangential section, and radial section) were investigated using a universal testing machine. Experiments were conducted according to the principles of ISO 3787 ( Thirty measurements were performed to determine wood density and each mechanical property.
Statistical analysis
Altitude steps were divided into five classes as 1 (0-200 m), 2 (200-400 m), 3 (400-600 m), 4 (600-800 m), and 5 (800-1000 m). Aspect groups were encoded as north (N) and south (S). A total of 10 groups were created as N1, N2, N3, N4, N5, S1, S2, S3, S4, and S5 for statistical analysis. SPSS was used and the data for each group were analyzed on the basis of the 95% confidence interval. Multiple analyses of variance were run to examine the effect of altitude and aspect on wood properties. Significant differences between altitude levels were determined by Duncan's homogeneity groups.
Results and discussion
Anatomical properties
The mean and standard deviation values of the anatomical properties are shown in Table 2 . A maximum value of 54.05 µm and a minimum value of 41.20 μm for the tangential diameter of vessels were found in the first altitude step in the north aspect and in the fifth altitude step in the south aspect, respectively ( Table 2 ). The highest value of the radial diameter of vessels (65.26 µm) was determined in the first altitude in the north aspect, while the minimum value (48.62 µm) was determined in the third altitude step in the south aspect. The maximum vessel number in 1 mm 2 (108) was found in the fifth altitude step in the north aspect, while the minimum value (84) was found in the first altitude step in the south aspect. The maximum (676.10 µm) and minimum (454.12 µm) values for multiseriate ray height were found in the fourth altitude step in the south aspect and in the fourth altitude step in the north aspect, respectively. The maximum value for multiseriate ray width (61.73 µm) and the minimum value (46.37 µm) were found in the south and north aspects, respectively. The maximum (1301.65 µm) and minimum (1148.51 µm) values of fiber length were found in the second and fifth altitude steps, respectively. The highest value (619.88 µm) and the lowest value (554.97 µm) for vessel length were found in the first and fifth altitude steps, respectively. The maximum (19.64 µm) and the minimum (16.85 µm) values of fiber width were determined in the fifth and fourth altitude steps, respectively. The highest value (6.14 µm) and the lowest value (4.36 µm) of the fiber lumen width were determined in the fifth and third altitude steps, respectively. The maximum (6.78 µm) and the minimum (5.96 µm) values of fiber wall thickness were determined in the second and first altitude steps, respectively. According (7) 84 (14) 100 (8) 88 (16) 104 (14) 95 (14) 106 (11) 97 (14) 108 (13) 105 (17) RN 5
( 2) 7 (2) 6 (2) 7
(2) 6 (2) 6 (2) 5
(2) 5
(2) 6 (1) to the results of the multiple variance analysis, altitude and aspect had an effect on the tangential diameter of vessels, radial diameter of vessels, vessel number in 1 mm 2 , ray number in 1 mm, and multiseriate ray height at the 95% confidence interval. Altitude had no effect on multiseriate ray width, while aspect did have an effect. Altitude affected fiber length, vessel length, fiber width, fiber lumen width, and fiber wall thickness while aspect had no effect. From these results, it can be concluded that altitude had more effect than aspect on the anatomical features of the Oriental beech wood growing in Sinop. Table 3 shows Duncan's homogeneity groups of anatomical properties. According to Table 3 , the first altitude step had the highest tangential and radial diameter of vessels, and the fifth altitude step had the lowest tangential and radial diameter of vessels. While the fifth altitude step had the highest vessel number in 1 mm 2 , the first and second altitude steps had the lowest number. According to these results, as altitude increased, diameters of vessels were minimized and vessel number in 1 mm 2 increased. As altitude increased, air temperature for every 100 m of rise fell by 0.4-0.6 °C (Cepel, 1995) . Depending on the drop in temperature, the water intake of the plants reduced and plants minimized the vessel diameters for the safety of water supply, because the low temperature of high altitudes hampered water intake (Carlquist, 1988) . In the present study, it was determined that vessel number in 1 mm 2 increased as vessel diameters narrowed due to the increase in altitude. This result showed parallelism with the results of studies by Noshiro et al. (1994) for Alnus nepalensis, Noshiro et al. (1995) for Rhododendron, and Yılmaz et al. (2008) for Quercus pontica. Yaman (2008) found that while vessel diameters tend to decrease, the number of vessels per group tends to increase with increasing altitude in Juglans regia. Moreover, Sanlı (1978) studied the relationship between ecological factors and anatomical properties of Oriental beech growing in different regions and altitudes in Turkey, and found that vessel number in 1 mm 2 increased with increasing altitude. In contrast to these results, Sarıbaş and Yaman (2009) indicated that diameters of the latewood vessels got higher from low altitudes to high altitudes during their xylological research on Celtis australis L. This situation could be related to the high altitudes which were more humid in the summer months due to a specific type of the Mediterranean climate. Additionally, Gerçek et al. (1998) determined that there was no relationship between tangential diameter of vessel and vessel number in 1 mm 2 , and altitude, in their research on the ecological wood anatomy of Ostrya carpinifolia Scop in Turkey. Also, there was not a significant relationship between altitude and anatomical features of wood, as was reported for Dodonaea viscosa species by Liu and Noshiro (2003) , for Castanopsis genus by Pande et al. (2005) , and for Buddleja cordata species by Aguilar-Rodriguez et al. (2006) . In the present study, it was observed that while fiber length was in the same homogeneous group in the first, second, third, and fourth altitude steps, it decreased in the fifth altitude step. It was determined that the maximum value of vessel length was in the first altitude step, and the second, third, fourth, and fifth altitude steps were involved in the same homogeneity group. Furthermore, both vessel length and fiber length decreased as altitude increased. Similar results were reported by Gerçek et al. (1998) in Ostrya carpinifolia Scop., and Noshiro et al. (2010) in Rhododendron arboreum. Also, Noshiro et al. (1994) in Alnus nepalensis and Noshiro et al. (1995) in Rhododendron species found that altitude showed a negative correlation with vessel element length and fibertracheid length. However, Şanlı (1978) found no significant relationship between altitude and vessel length in Fagus orientalis Lipsky. Hosseini (2006) investigated the effect of altitude on juvenile wood formation and fiber length of Fagus orientalis L. growing at intermediate altitudes (500-1000 m) and high altitudes (1000-1500 m) in the Caspian forests of Iran. He found that a difference in altitude of about 500 m had no significant effect on fiber length or juvenile wood rate production in Iranian beech trees.
Wood density and mechanical properties
The mean and standard deviation values of wood density and mechanical properties are shown in Table 4 . The highest (0.77 g/cm 3 ) and lowest (0.69 g/cm 3 ) values of wood density were found in the third altitude step in the south aspect and in the first altitude step in the north aspect, respectively (Table 4 ). The lowest (56.71 N/ mm 2 ) and highest (69.06 N/mm 2 ) values of compression strength parallel to grain were determined in the first altitude step in the north aspect and in the third altitude step in the south aspect, respectively. The lowest (6.44 J/ cm 2 ) and highest (12.26 J/cm 2 ) values of impact bending were determined in the first altitude step in the south aspect and in the second altitude step in the south aspect, respectively. However, the lowest (110.80 N/mm 2 ) and the highest (137.10 N/mm 2 ) values of modulus of rupture were found in the first and third altitude steps, respectively. The lowest (102.75 × 10 2 N/mm 2 ) and the highest (119.27 × 10 2 N/mm 2 ) values of modulus of elasticity were found in the first and third altitude steps, respectively. The lowest (9.44 N/mm 2 ) and the highest (10.33 N/mm 2 ) values of shear strength in the tangential section were determined in the fourth altitude step in the north aspect and in the first altitude step in the south aspect, respectively. The lowest (8.11 N/mm 2 ) and the highest (9.85 N/mm 2 ) values of shear strength in the radial section were determined in the first and second altitude steps, respectively. The minimum (56.70 N/mm 2 ) and maximum (68.11 N/mm 2 ) values of Brinell hardness in transverse-sections were determined in the first altitude step and the second altitude step, respectively. The minimum (27.66 N/mm 2 ) and maximum (37.17 N/mm 2 ) values of Brinell hardness in the tangential section were determined in the first altitude step and the fourth altitude step, respectively. The minimum (37.49 N/mm 2 ) and maximum (45.39 N/mm 2 ) values of Brinell hardness in the radial section were determined in the first altitude step and the third altitude step, respectively. According to the results of the multiple variance analysis, it was determined that both altitude and aspect had an effect on wood density, compression strength parallel to grain, impact bending, and shear strength in the tangential section. Only altitude had an effect on modulus of rupture, modulus of elasticity, shear strength in the radial section, and Brinell hardness values (as per the transverse-section and tangential and radial sections), while aspect had no effect at the 95% confidence interval. According to this, altitude had more effect than aspect on the mechanical properties of the Oriental beech wood growing in Sinop. Table 5 shows Duncan's homogeneity groups for wood density and mechanical properties.
According to Duncan's homogeneity groups, the highest and lowest wood density values were determined in the third altitude step and in the first altitude step, respectively (Table 5 ). According to this, while getting from the first altitude step to the second and third altitude steps, wood density values grew and reached their highest value in the third altitude step, but they decreased from the third altitude step to the fourth and fifth altitude steps. Sopushynskyy et al. (2005) studied the effects of growth factors on the amount of moisture and density of European beech (Fagus sylvatica L.). They determined that trees that grew between the elevations of 600 and 950 m had the highest density and moisture values due to the temperature and amount of precipitation between these elevations being the most appropriate for growth of Fagus sylvatica. Another reason for this result might be narrower vessel diameters in the third altitude step. Martinez-Cabrera et al. (2011) in Angiospermae determined that there was a negative relationship between vessel diameters and wood density. Denne and Hale (1999) observed that trees with lower mean density had thinner fiber walls and wider vessel lumens than those with higher mean density trees.
The lowest compression strength parallel to grain was found in the first altitude step and the highest value in the third altitude step. Wood density affects the mechanical properties of the wood. The results indicated that the change in wood density and compression strength of beech wood according to the altitude steps in Sinop was the same. According to Duncan's homogeneity groups, the lowest impact bending was in the first altitude step and the highest value was in the second altitude step. Berkel (1970) indicated that the high participation rate of the vessel, tracheid and parenchyma cells in leaved trees, and thin walls of the libriform fibers have a lowering effect on impact bending. In this study, it was found that fiber wall thickness of beech wood was lowest in the first altitude step and highest in the second altitude step. This fact explained the changing of impact bending in these altitude steps. Modulus of rupture increased from the first altitude step to the higher altitudes and reached its highest value in the third altitude step; thereafter, the value decreased as altitude increased. Modulus of elasticity increased with altitude; from its lowest value in the first altitude step, it continued to increase with altitude and reached its highest value in the third altitude step. The change in the modulus of rupture and modulus of elasticity according to the altitude steps was parallel with the change in wood density values according to the altitude steps. Shear strength in the tangential section decreased from the first and second altitude steps in the same homogeneous group up to the higher altitudes. While the lowest shear strength value in the radial section was in the first altitude step, it increased with increasing altitude and reached the highest value in the second altitude step, and then it began to decrease with increasing altitude. As altitude increased, Brinell hardness in transverse-sections increased and reached its highest value in the second altitude step, where it began to decrease with increasing altitude. At first, hardness in the tangential section increased from the first altitude step up to the higher ones, and then it was observed that it decreased from the third altitude step and up to the subsequent ones. Hardness in radial sections increased from the first altitude step up to the higher ones, reached its highest value in the third altitude step, and then decreased as altitude increased. In general, it was observed that changes in hardness values according to altitude corresponded with changes in density values. Accordingly, it could be said that Brinell hardness values of beech wood growing in Sinop were associated with the density values of wood. Barij et al. (2007) indicated that wood density and compression strength of Quercus pubescens Willd. growing in Italy increased with increase in elevation. In Sinop, while altitude increased, vessel number in 1 mm 2 increased due to narrowing diameters of vessels. The change in mechanical properties according to altitude steps may be related to the change in anatomical properties. Indeed, Leclercq (1980) indicated that the fiber length had an important influence on the modulus of rupture, impact bending, and compression strength. Additionally, Sonderegger et al. (2008) in Picea abies (L.) Karst. determined that not only the density of the wood but also the microfibril angle and fiber length had an effect on modulus of rupture and modulus of elasticity. As a result, while altitude increased in Sinop, vessel number in 1 mm 2 increased due to decreasing vessel diameters of beech wood, and vessel and fiber length decreased. The altitude factor must be taken into account in this region for evaluating beech trees in the forest products industry as vessel diameters play an important role in wood impregnation, gluing, and processing properties. The highest density of trees was within the 400-600 m altitude step and the lowest density of trees was within the 0-200 m altitude steps. Additionally, many of the mechanical properties of the wood and the hardness values were lowest between 0 and 200 m and highest between 400 and 600 m, similarly to density values. Bowyer et al. (2007, p. 241) stated that "within any species there is considerable variation in clear wood strength, which corresponds to the variation in density and to the density-strength relationship for that property". Based on the results of this study, beech trees growing between altitudes of 400 and 600 m in Sinop should be preferred where high strength is required, such as in construction and lumber products.
Conclusions
In this study, effects of altitude and aspect on wood density and anatomical and mechanical properties of Oriental beech were investigated. Altitude had a strong effect on all wood properties except for multiseriate ray width, while aspect had a weak effect. As altitude increased, diameters of vessels narrowed, vessel number in 1 mm 2 increased, and vessel and fiber lengths decreased. Wood density and mechanical properties had minimum values in the first altitude step and maximum values in the third altitude step. Further research and sample trees are necessary to further interpret our results and to better explain the relationship between ecological factors and wood properties of Oriental beech.
